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Executive Summary

All the statistical survey designs (i.e. with a probability-based sampling scheme) reviewed could
be used to provide unbiased estimates of mean scallop abundance in the surveyed areas. These
surveys all have the potential to contribute to assessments for non-scallop species and other
issues apart from assessment purposes. Annual surveys are required to support the management
process with fishery specification adjusted every year in addition to spatial management
procedures.

Dredge surveys provide more accurate measurements of shell height and proportion of dead
scallops compared to optical surveys. Collection of physical samples with dredges is necessary to
estimate the spatio-temporal variation in shell height to meat weight relationship and other
measurements that require physical and laboratory examination of specimens. However, optical
surveys provided almost complete detection of exploitable scallops, better detection of
recruitment, and better information on predator-prey interactions compared to dredge surveys.
However, optical surveys provide less accurate information on the exploitable (i.e. 40mm+) size
composition because of greater measurement error in shell size compared to dredge surveys.

Variance estimates of abundance and biomass estimates from dredge surveys did not take into
account uncertainty in efficiency corrections. The efficiency probably varies from site to site
which is a source of measurement error and possibly bias if the sites sampled by dredges (i.e.
sand vs gravel) are disproportionate to the population of sites. Variance estimates of exploitable
stock size from optical surveys did not take into account measurement error in the size of
scallops.

Statistical inferences for surveys of fish stocks and specifically scallops should not be based only
on the randomness in the sampling design. Models are required to address measurement error.
Models can give more precise estimates even if there is no measurement error. However,
statistical inference should not rely solely on a model for a well-designed survey. Combined
design and model based inference is a better general approach.

Analyses of surveys have been integrated in a few ways. It is preferable to do a combined
analysis of observations with adjustments for relative catchability where appropriate rather than
averaging estimates. However, when surveys are not done at the same time then the populations
being surveyed could be different due to growth and mortality processes. In this case there may
be no choice but to integrate them within a stock assessment model that accounts for such
differences. If the surveys cover different areas and if there are large changes in the spatial
distribution of the stock then a spatio-temporal stock assessment model will be required to
integrate all the surveys.



It is difficult to fully evaluate the monitoring program for scallops in this area without
understanding the potential information in commercial CPUE and within-season depletion
information about stock size and harvest rates.

Dredge surveys conducted on research vessels

This was the best monitoring survey because it has used a fairly standard sampling design for a
long time period. However, the sampling intensity has been reduced significantly in recent years
which make this survey less useful for contemporary monitoring purposes.

Dredge surveys conducted on commercial vessels

The Virginia Institute of Marine Science (VIMS) dredge surveys on commercial vessels are less
useful as stand-alone monitoring surveys because of incomplete coverage for the entire stock.
These surveys have had multiple objectives and the systematic design seemed reasonable to
jointly achieve these objectives. However, there are well known difficulties in computing the
variance of estimators based on systematic designs and this is another reason why variance
estimates for abundance and biomass estimates are probably too low.

SMAST video drop camera system

This survey has achieved good coverage of the resource in some recent years. It has had multiple
objectives and the centric systematic design seemed reasonable to jointly achieve these
objectives. The edge-effect correction method for this survey will under-estimate the abundance
of small scallops and over-estimate large scallops. This is another reason why variance estimates
for abundance and biomass estimates are probably too low. The field of view of the SMAST
drop camera is approximately fixed. Variance calculations are based on two-stage cluster
sampling but should be based on stratified random sampling with proportional allocation, where
grids are strata. Even if variances are correctly calculated they may still be biased low because of
the centric sampling within a grid and the likely spatial autocorrelation of scallops.

HabCam camera and sensor sled

The HABCAM V4 survey technology had the greatest potential in providing information on
bottom habitat, gear impacts, species interactions, and spatial structure on a variety of scales

The HAMCAM V2 survey has generally followed a systematic transect sampling design with
high intensity sampling along transects but in small portions of the stock area. The HABCAM v4
survey has not followed a statistical survey design and it is difficult to make conclusions about
bias of associated estimates of abundance or biomass for this survey.

HABCAM imaging processing procedures are more advanced and further research in this area is
encouraged. The field of view of the towed cameras is variable but this was not identified as an



important source of uncertainty. HabCam V4 with the side scan sonar system is the only
sampling procedure reviewed that could be used to detect direct physical impacts of fishing gear.

Abundance and biomass estimates, and their variances, were obtained using a complex model.
Variances are likely under-estimated because model degrees of freedom were not adjusted for
and model uncertainty is an unaccounted source of variation. The model occasionally estimated
the highest abundance in areas with no samples. This could be seriously misleading if the
modeled biomass estimates were used in a spatial management procedure.

Combined surveys

There is already some cooperation among these surveys in terms of producing information for
the assessment and management of the stock. The information from the various surveys is
complementary or additive in some aspects. The optical methods have provided additional
information on species habitat, sea scallop ecology, and ecosystem studies.

Survey efforts should be further integrated to provide a standard monitoring survey of the entire
stock distribution; however, the combination of optical and dredge surveys are complementary
and should be maintained. The continuity of time-series should be also be maintained to the
fullest extent possible.

As long as sufficient transects are sampled, the HABCAM v4 technology can provide a much
larger “area swept” with continued improvements in automatic pattern recognition and
annotation of images. This should lead to improved precision in estimates of abundance and
biomass. Dredge sampling is still required but its future could be more in providing biological
samples like in acoustic surveys rather than stand-alone estimates.

Background

The Review of Sea Scallop Survey Methodologies and Their Integration for Stock Assessment
and Fishery Management was held in New Bedford, Massachusetts, from March 17-19, 2015.
The purpose of the meeting was to review survey methodologies currently being used which
provide data for sea scallop stock assessments and related fishery management models. These
included scallop dredge surveys conducted on research vessels (e.g. Northeast Fisheries Science
Center - NEFSC) and commercial vessels (e.g. Virginia Institute of Marine Science - VIMS), the
drop camera survey implemented by the University of Massachusetts Dartmouth School for
Marine Science and Technology (SMAST), and the HabCam system developed by the Woods
Hole Oceanographic Institution (WHOI) and NEFSC. The basic objectives of the review were to
assess the strong and weak points of each sampling approach, and identify the complementary
facets of each survey methodology and opportunities for each method as part of the scallop
survey sampling program going forward.



The Panel was composed of four independently appointed Center for Independent Experts (CIE)
reviewers (Dr. N. Cadigan, Canada; Dr. M. Cryer, New Zealand; Dr. J.H. Velstad, Norway; Dr.
B. Wise, Australia). The meeting was chaired by Dr. J.-J. Maguire, Canada. The review was
supported and assisted by NEFSC Stock Assessment Workshop (SAW) Chairman, Dr. James
Weinberg, Dr. Paul Rago, Acting Chief of the NEFSC Resource Evaluation and Assessment
Division, and Deirdre Boelke from the New England Fisheries Management Council (NEFMC).
Documents and presentations were provided by Paul Rago, Dvora Hart, Dave Rudders, Kevin
Stokesbury, Scott Gallager, Richard Taylor, Burton Shank, Jui-Han Chang and Deirdre Boelke.
The support of all of these scientists and staff to the review process is gratefully acknowledged.

The CIE reviewers were collectively required to have experience/expertise with optical imaging
in estimating abundance in marine biological surveys, statistical design and estimation of surveys
for stock assessments, model-based estimation of abundance using geostatistical tools, and the
use of dredge surveys for sessile benthic organisms. Approximately two weeks before the review
meeting the reviewers were given background documents and reports on the various survey
programs. The reviewers were required to read all documents in preparation for the peer review.
During the review meeting each reviewer was required to actively participate in a professional
and respectful manner as a member of the meeting review panel, and their peer review tasks
were focused on the stock assessment ToRs. After the meeting each reviewer was required to
prepare an independent peer review report formatted as described in Annex 1. Each CIE
reviewer’s duties were not to exceed a maximum of 14 days to complete all work tasks.

Role of reviewer

All assessment documents and most supporting materials were made available to me during
February 28 - March 5, 2015 on a NEFSC website. These documents are listed in Appendix 1. [
reviewed these backgrounds documents. I attended the entire Panel review meeting and reviewed
presentations and reports and participated in the discussion of these documents, in accordance
with the SoW and ToRs (see Appendix 2). I also contributed to the review panel summary report.
My CIE report is structured according the required format and content described in Annex 1 of
Appendix 2. After the meeting I participated in email discussions and writing to finalize the
review panel report.

Key findings

A brief summary of the review panel’s (RP) findings is presented for each ToR, followed by my
assessment of whether the ToR was successfully completed, and the strengths and weakness of
the research conducted where appropriate, and further elaboration on specific issues. Only a draft
version of the RP’s summary report was available to me when writing my CIE report.



1. ToR 1. Review the statistical design and data collection procedures for each survey system
Dredge surveys conducted on research vessels

Dredge surveys conducted on commercial vessels

SMAST video drop camera system

& H &R

HabCam camera and sensor sled

Peer review summary report findings

This term of reference was addressed satisfactorily by all presentations. The RP concluded that
all surveys had strengths and weaknesses. The dredge surveys conducted on research vessels use
a stratified random statistical sampling design since 1977 and have covered a fairly consistent
area since 1975 (strength) but coverage and sampling intensity has been reduced in recent years
(weakness). The VIMS dredge surveys conducted on commercial vessels have provided detailed
information (strength) on specific areas using a systematic sampling design, but this survey does
not cover the entire range of the stock (weakness). The SMAST video drop camera system also
used a type of statistical uniform systematic design and this survey has achieved good coverage
of the resource in some recent years (strength). The HAMCAM V2 survey has generally
followed a systematic transect sampling design with high intensity (strength) sampling along
transects, but in small portions of the stock area (weakness). Work is continuing on finalizing a
statistical sampling design that would be set before the beginning of a survey with the HABCAM
V4.

All the statistical survey designs considered by the Panel could be used to provide unbiased
estimates of mean abundance in the surveyed areas. The uniform systematic sampling design of
the SMAST drop camera and VIMS dredge surveys are inefficient for estimating abundance
(weakness) because the sampling intensity is the same in areas of low and high scallop
abundance. However, these surveys pursue multiple objectives which may justify the systematic
sampling designs. The HabCam V4 surveys provide very detailed information along transects
but the typical distance between transects seemed wide (weakness).

The RP considered that surveys with greater spatial coverage and samples allocated throughout
the survey area tend to reduce bias and provide more accurate estimates of stock size, especially
for populations whose spatial distribution can vary substantially from year to year or on longer
time horizons. More intense sampling in areas of high scallop abundance should increase the
precision of the overall biomass estimate but spatial management measures may require more
detail sampling in rotational areas to achieve optimal use of the resource.

My additional findings

I conclude that this term of reference was addressed satisfactorily by all presentations.



Statistical design

We need to distinguish surveys that have specific objectives that may vary from year to year, and
long-term monitoring surveys that are more useful for stock assessment purposes.

I find that the dredge surveys conducted on research vessels is the best monitoring survey
because it has used a fairly standard sampling design for a long time period. However, the
sampling intensity has been reduced significantly in recent years (i.e. only 122 stations in 2014
compared to 400-500 typical of most other years) which make this survey less useful for
contemporary monitoring purposes. This survey uses an adaptive sampling allocation procedure,
with a mix of optimal allocation based on previous survey results and proportional allocation to
achieve some coverage in all strata. This approach seems reasonable but was not described in
much detail and I cannot evaluate its efficacy, nor was such an analysis presented. I find that this
survey is now combined with the HABCAM v4 survey because they are carried out jointly, and
considerable effort has shifted from dredge sampling to HABCAM sampling.

I appreciate that the VIMS dredge surveys on commercial vessels and the SMAST video drop
camera surveys are in response to perceived objectives of NEFMC which may change from year
to year. However, this makes them less useful as stand-alone monitoring surveys for the entire
stock. I conclude these surveys achieved their objectives which could be different from
monitoring the status of the entire stock. The systematic designs of these surveys seemed
reasonable to jointly achieve their multiple objectives.

The HABCAM v2 survey provides detailed information for a small part of the stock. The
HABCAM v4 survey does not yet seem to follow a statistical sampling design. Hence it is not
possible to evaluate the design unbiasedness of estimators derived from this survey and the RP
conclusion that this survey can provide an unbiased estimate of mean abundance in the surveyed
areas is vague. Unbiased would have to be evaluated in a model-based context. Simulation
results provided for the stock size estimation procedure for this survey were based on different
survey tracks in each simulation. This seemed to involve a randomization in the sampling design
and it is not clear how relevant this is to the actual survey design; that is, will tracks be varied in
future surveys like in the simulations? Hence, the simulation results are not specific to the actual
survey track achieved.

The HABCAM surveys usually tow across depth gradients, with tows along depth gradients
between transects. I don’t think they used the latter information in abundance estimation. I
appreciate that there will be less serial correlation across depth gradients but this design will
produce little information on the short-lag correlation along depth gradients.

Multiple and variable survey objectives make it difficult to optimize a survey design. In practice
we rarely get to implement an intended design because of unforeseen operational difficulties.
Hence, the design we actually get may be different and sub-optimal compared to the intended
design. I think many survey statisticians do not focus too much on detailed optimization of the



design. Rather, the focus should be on avoiding sampling gaps and otherwise keeping the design
as practical as possible but with the capability of providing robust inference. With the model-
based approach it is especially clear that extrapolations to unsampled areas can be unreliable and
a potentially large source of uncertainty.

There were presentations on optimal sampling designs for dredges and HABCAM surveys.
Within-season adaptive allocation was mentioned as a possibility for the VIMS dredge survey. |
point out that the specific proposal, following the approach of Smith and Lundy (2006), is not a
fixed-sized sampling design because you do not know how many stations will be sampled before
the survey. Care must be taken for estimation as well because standard design-based estimators
may be biased with this adaptive design. There are other adaptive procedures that are fixed sized
(e.g. Jolly and Hampton, 1990; Francis, 1984) that also seem to result in some bias, and other
adaptive designs have been proposed (e.g. Moradi and Salehi, 2010) that can be used with
conventional estimators.

A variety of transect sampling designs were investigated for the HABCAM V4 survey. This
work seemed thorough although I wondered why a zig-zag design (e.g. Rose, 2003; Overholtz et
al, 2006) was not considered especially if there is anisotropic correlation which you may not
know too much about. A zig-zag design can produce autocorrelation information in all
directions. The zig-zag design is more efficient in terms of total transect length because there is
no down time travelling between transects, but it may be less efficient in terms of precision (e.g.
Kalikhman, 2002, 2005, 2006).

I appreciate that there is some cooperation among these surveys in terms of producing
information for the assessment and management of the stock. This makes it difficult to review
these as stand-alone surveys.

Data collection procedures

see ToR3

ToR 2. For each survey, evaluate measurement error of observations including shell height
measurement, detection of scallops, determination of live vs. dead scallops, selectivity of gear,
and influence of confounding factors (e.g., light, turbidity, sea state, tide etc.).

Peer review summary report findings

All presentations addressed this term of reference satisfactorily. The RP concluded that the
dredge surveys provide more accurate measurements of shell height compared to optical surveys.
Collection of physical samples with dredges is necessary to estimate the spatio-temporal
variation in shell height to meat weight relationship and other measurements that require
physical and laboratory examination of specimens. The RP concluded that the optical surveys



provided almost complete detection of exploitable scallops and better detection of recruitment
compared to dredge surveys; however, recruitment information was still only qualitative. The RP
concluded that the edge-effect correction method for SMAST drop camera surveys will under-
estimate the abundance of small scallops and over-estimate large scallops. The RP expects that
optical surveys produce less reliable estimates of the proportion of dead scallops (false alive or
dead) but the magnitude of this was not quantified.

There are many confounding factors (i.e. optical distortion, attenuation, etc.) for optical surveys
and many of these have been addressed in the SMAST drop camera and the HabCam surveys.
The review panel considered that the HabCam 4 imaging processing procedures are more
advanced and encourages further research in this area.

My additional findings

The SMAST drop camera has a fixed camera height and orientation whereas this is not the case
for the HABCAM. Its tow height can vary and the field of view can also be affected by pitch and
roll. As far as I can understand, HABCAM v4 field of view varied from 0.2 to >4m? with a mean
of 0.72 m?. Hence, the “swept area” of the SMAST drop camera is approximately fixed whereas
it is not fixed for HABCAM. This issue was not addressed during the review. It was not clear
from the documentation provided how the variations in field of view were accounted for. Some
text was provided in the document TOR4 NEFSC_ HabCam.pdf but it was not clear to me what
was done.

The angle of the scallop can contribute to measurement error in size. It was mentioned that there
may be an initiative to do automatic perimeter measurements and that this could improve shell
height measurements. For example, because the scallops are almost circular the maximum
diameter of the “oval” may be a better measurement of shell height. I encourage such an
initiative.

The SMAST drop camera and HABCAM surveys were assumed to have complete or full
selectivity, at least for exploitable sizes. There seemed to me some potential that scallops could
be covered by silt or not detected for some reason, especially for small scallops. Some data was
presented on laboratory analyses of drop camera and HABCAM measurement error for size. This
does not really address detectability. Only one slide was presented on this but more comparisons
were provided in Fig. 2.5 in NEFSC Dredge allv2.pdf in which the size distributions from
SMAST drop camera and HABCAM v4 were compared to the size distribution from research
dredge tows. There were sometimes substantial differences. There are many sources of variation
that can contribute to these differences in addition to selectivity. A major source is the area
covered by each survey. A more detailed analysis of the size composition information that
includes a factor to standardize for area surveyed seems useful. For example, the data from these
surveys could be gridded and size compositions compared only for grids that have samples from
at least two of the surveys. This would be something like comparative fishing.



The optical surveys have been used to estimate the efficiency of dredge surveys: 40% on sand
and 24% on gravel, i.e. the dredge catches 40% of what the optical systems saw on sand and
24% of what the optical systems saw on gravel. This clearly demonstrated that dredges do not
capture all available scallops. These efficiency estimates are used to raise dredge biomass
estimates to represent stock biomass. We did not review the procedure used to provide these
efficiency estimates but some background material was provided. An innovative model was used
and, given the potential importance of these efficiency estimates, this methodology deserves a
dedicated review on its own.

ToR 3. Review the biological sampling aspects of the surveys, including sub-sampling
procedures and the ability to sample all size classes. For each survey, evaluate the utility of
data to detect incoming recruitment, assess the potential ability to assess fine scale ecology
(e.g., Allee effect, predator-prey interactions, disturbance from fishing gear, etc.).

Peer review summary report findings

All presentations addressed this term of reference satisfactorily. Both towed and dropped
cameras provide potential information on predator-prey interactions. The RP concluded that the
HabCam V4 with the side scan sonar system is the only sampling procedure reviewed that could
be used to detect direct physical impacts of fishing gear. The physical capture of scallops using a
dredge or other techniques is necessary to collect other biological information. While the optical
surveys have higher detectability of scallops <20 mm than the dredge surveys, and therefore
provide better information on recruitment, they provide less accurate information on the
exploitable (i.e. 40mm+) size composition because of greater measurement error in shell size
compared to dredge surveys. The RP recommended that the total number of baskets and fraction
sampled be recorded on dredge surveys, and that the between basket variation in scallop counts
(for subsamples) be recorded. This could provide useful information on this source of variation.

My additional findings

Some results were presented on how well the research dredge survey tracks size classes. I feel
more could have been done here. For example, bubble plots of size compositions over time
would be informative. A similar comment applies to the other surveys, although such an analysis
might have to be stratified somehow to deal with changes in spatial coverage for the other
surveys.

During the review we discussed tow length. It was mentioned that there are sometimes problems
handling and processing the catch. Saturation is also an issue so that the dredge catchability may
decrease when scallop abundance is high. The chance of gear malfunction increases with tow
duration as well. However, shortening tows may have a detrimental effect in areas of low scallop
abundance. This issue needs further investigation.



ToR 4. Review methods for using survey data to estimate abundance indices. Evaluate
accuracy (measures of bias) of indices as estimates of absolute abundance.

Peer review summary report findings

All presentations addressed this term of reference satisfactorily.

The VIMS dredge survey is post-stratified into 9 sub-areas and the standard design-based
methods for stratified random sampling are used to estimate abundance and biomass within sub-
areas and to aggregate estimates for all areas. The survey uses both a commercial and a survey
dredge. The efficiency of both gears has been previously estimated and corrections applied to
estimate abundance and biomass. The RP agreed with the VIMS scientist that the variance
estimation had issues related to 1) the systematic sampling design, 2) unaccounted measurement
error, 3) efficiency corrections.

The RP concluded that the abundance and biomass estimation methodology, and variance
estimators, for the SMAST drop-camera survey seemed appropriate, subject to the probably
positive bias associated with the method of correcting for edge effects and the probable negative
bias associated with detectability of <100% towards the edges and corners of each photograph.
Variance estimation for this survey also has bias issues related to 1) the systematic sampling
design, 2) unaccounted measurement error, 3) uncertainty due to edge corrections.

For both HABCAM V2 and V4, three model-based methods were tested through simulations.
The RP noted that there was no single method that performed best across all simulations. The RP
concluded that the geostatistical modelling approach seemed reasonable but that biomass
variance estimates are likely under-estimated because degrees of freedom were not adjusted for
and model uncertainty is an unaccounted source of variation in the biomass and abundance
estimates.

Model-based methods should be used with care. The RP noted that in a few cases the model
estimated the highest abundance in areas with no samples and it is not clear why this occurred.
This could be seriously misleading if the modeled biomass estimates were used in a spatial
management procedure.

My additional findings

Background perspective

Statistical inference in the common “design-based” approach is based only on the randomness in
the sampling design. This leads to inferential problems with sampling designs that have no
randomness (i.e. systematic sample with a fixed start location) or are subjective. In the design-



based approach observations at sampled sites are assumed to be exact. Usually fisheries surveys
do not fit well in this inference framework because the survey measurements have a couple of
sources of error (see below). Also, the realized sampling design is often different from what was
intended for a variety of reasons and it is difficult to factor this into statistical inference.

Fisheries surveys include measurement error because fish are often not stationary within the
time-frame of a survey (although this is not a problem for scallops) and only a random subset of
fish at a given site are caught. Efficiency estimates clearly demonstrate this for scallop dredges.
Models have to be used to fully account for these sources of variation that are in addition to
sample site selection. Model-based approaches can account for the latter two sources of variation
but they typically ignore the variation due to the sampling design. These problems are not unique
to fisheries surveys. Even in the simple design-based situation with no measurement error,
models still find much use (e.g. Sdrndal et al, 2003) and this idea has been around for some time
in fisheries science (e.g. Smith, 1990). I like the approach used by Chen et al. (2004) in the
context of fisheries surveys, in which the three sources of variability are accounted for. They
discuss three model-assisted estimators that all have the desirable properties of being more
efficient than the usual design-based estimators when the model is correct, but still design-
unbiased when the model is not correct. The latter model-robustness property is appealing to
many. Chen et al. (2004) highlight that the pseudo-empirical likelihood method can easily be
modified and improved by including basic information from previous surveys. This may be
something that could be usefully exploited for scallops. However, I think the approaches
discussed by Chen et al. (2004) have some deficiencies that need to be resolved.

The first problem is their stochastic assumption about trawl catches which they basically
assumed were over-dispersed Poisson random variables. I usually find survey data do not support
this assumption. I favor the Negative Binomial (e.g. Cadigan, 2011). In any event, reliably
estimating the over-dispersion parameter can be difficult especially when the model is complex
with many parameters (e.g. Cadigan and Tobin, 2010). In this case there is a well-known bias
problem for maximum likelihood estimates of variance parameters, due to the large difference
between the errors degrees of freedom and the sample size. We have recently submitted another
paper on this issue (Wang et al.) where we show that restricted maximum likelihood can also be
used fairly easily to address this bias issue. Chen et al. (2004) also favored local linear regression
to model the mean of trawl catch as a function of location, depth, and possibly other covariates.
Others (e.g. Breidt and Opsomer, 2000) also used this approach in generalized regression
estimators of population averages in the survey context. However, as we demonstrated in
Cadigan and Chen (2010), the local linear method can give negative estimates and other kernel
smoothers may be better in a couple of aspects.

In summary, basing statistical inferences only on the randomness in the sampling design seems
insufficient for surveys of fish stocks and specifically scallops. Models are required to address
measurement error. Models are also quite useful and can give much more precise estimates even
if there is no measurement error. However, statistical inference should not rely solely on the



model for a well-designed survey. Various model-assisted approaches are available that give the
best of both worlds — improved precision when the model is correct and design-unbiasedness
even when the model is not correct. This addresses potential criticism of model based approaches
when the model is complicated. However, in this active area of research there is no best model
but I like local smoothers because they are easy to explain and can behave better when
extrapolations are required. However, standard methods for estimating variance parameters may
be biased for complex and highly parameterized models. Modelling spatial dependency via
covariance, while commonly done, is more difficult to explain and diagnose. Fairly robust theory
is available for kernel smoothers and the choice of smoothing for sub-domain estimation of
means and totals in the survey context. This is not as critical as for point-wise estimation. I am
unaware if this is the case for kriging; i.e. how does it work when the variogram is mis-
specified?

Findings

The model used to estimate abundance indices for the HABCAM v2 and v4 surveys is a
complicated hurdle Gam model plus kriging of residuals. The design-unbiased robustness
property is not an option for these surveys because they do not follow a statistical sampling
design in which all parts of the stock area have a non-zero probability of being sampled. Also,
the kriging variance, used in part to derive the variance of the biomass or abundance estimate, is
conditioned on the sample sites selected (e.g. Kimura and Somerton, 2006) and may under-
estima